A Hartree-Bose mean-field approximation for the IBM-3 is presented. A Hartree-Bose transformation from spherical to deformed bosons with chargedependent parameters is proposed which allows bosonic pair correlations and includes higher angular momentum bosons. The formalism contains previously proposed IBM-2 and IBM-3 intrinsic states as particular limits.
Leviatan (GL) [15] . In that work charge-independent deformation parameters are imposed in the Hartree-Bose transformation from spherical to axially deformed bosons and the trial wavefunction is taken to have good isospin. Closer inspection reveals that this trial wavefunction has the additional isospin SU(3) symmetry which in IBM-3 is equivalent to orbital U(6) symmetry. (Isospin SU(3) symmetry is to IBM-3 what F -spin symmetry [16] is to IBM-2.) Although comparison with simple shell-model calculations in the f 7/2 shell [8] indicate that orbital U(6) is realized approximately, breaking of this symmetry is certainly possible in more complex situations. Moreover, it is well known that isospin symmetry itself is increasingly broken in Z ∼ N nuclei as the nuclear mass increases [17] . There is also tentative evidence for triaxial shapes in the region of interest and its proper description would require a relaxation of the condition of axial symmetry. We therefore present in this paper a generalization of the treatment of GL in which none of the above symmetries (isospin SU (3) and SU(2), axial symmetry) is imposed on the trial wavefunction and which includes bosons of angular momenta higher than ℓ = 2.
We start with the usual spherical boson creation and annihilation operators γ † ℓmτ , γ ℓmτ where ℓ is the angular momentum, m is its third component, and τ is the isospin projection.
Each boson carries isospin T = 1. We also defineγ ℓmτ = (−1) ℓ−m γ ℓ−mτ . In terms of these boson operators, a system of N bosons interacting through a general number-conserving two-body Hamiltonian can be written in multipolar form as
where the symbol · denotes scalar product in orbital space. In isospin space the only restriction is τ 1 + τ 2 = τ 3 + τ 4 (i.e., a charge-conserving Hamiltonian is assumed) andT
where the coupling is only done in angular momentum. The Hamiltonian (1) can be used for IBM-3, for IBM-2, or even for a general isospin non-conserving Hamiltonian with three kinds of bosons.
Deformed bosons are defined in terms of spherical ones by means of a unitary HartreeBose transformation
and their hermitian conjugates. The deformation parameters η pτ ℓm in these equations verify the orthonormalization conditions Following Ref. [15] , the trial wavefunction for the ground state of an even-even system with a proton excess is of the form (the trial wavefunction for an even-even system with a neutron excess is obtained by interchanging the role of protons and neutrons)
of τ -independent deformation parameters, to an isoscalar bosonic pair. Its total isospin is The ground-state energy is obtained by taking the expectation value of the Hamiltonian (1) in the state (5):
where
and
The coefficients V ℓ 1 m 1 τ 1 ,ℓ 2 m 2 τ 2 ,ℓ 3 m 3 τ 3 ,ℓ 4 m 4 τ 4 are the interaction matrix elements between normalized two-boson states,
The dependence of the energy on the variational parameters η's is contained in the onebody ǫ (8) and the two-body V c (9) terms, while the dependence on α comes through the isospin matrix elements f 1 (10) and f 2 (11). The latter matrix elements are straightforward to calculate by a binomial expansion of the ground-state trial wavefunction (5).
The Hartree-Bose equations for the orbital variational parameters η are obtained by minimizing the energy (7) constrained by the norm of the transformation. Assuming a charge-conserving Hamiltonian (1) the following Hartree-Bose equations result:
where the Hartree-Bose matrix h τ is
The term η τ ℓ 2 m 2 in the denominator is a consequence of a mathematical trick for obtaining a set of three coupled Hartree-Bose equations (13) . These depend on the isospin matrices f 1 and f 2 . For each value of α the matrices f 1 and f 2 are calculated and the HartreeBose equations (13) (14) are solved self-consistently. The procedure is iterated until one finds the absolute minimum of the energy (7) . Once the problem is solved self-consistently, the diagonalization of (13) provides the deformation parameters η τ ℓm for the ground state.
To test the present formalism and to compare with the one by GL, we used a simple
Hamiltonian recently proposed by Ginocchio [19] ,
In these equations the symbol : denotes a scalar product in orbital and isospin spaces and (15) is clearly isospin invariant. It is, however, not isospin SU(3) invariant [19] and thus represents an ideal test case for the presently proposed generalization of the Hartree-Bose formalism. In addition, the corresponding deformation parameters are τ dependent. We note that for a system with equal number of protons and neutrons the present formalism recovers exactly the GL results; differences occur for Z = N. This can be seen in Fig. 2 where the deformation parameters β τ are plotted versus the difference N p − N n (starting with 4 proton pairs and 4 neutron pairs). The deformation parameters β τ are obtained from β τ = 1 |η 0τ 00 | 2 − 1 (see Eq. (1) of Ref. [15] ). For N p = N n the deformation parameters are independent of τ , but not any longer as N p − N n increases. The proton and neutron deformations remain very close; the δ deformation β δ , however, quickly becomes very large in comparison. This is because N δ decreases as N p − N n increases. This effect can be seen in Fig. 3 where the mean values of the boson numbers, N τ , are plotted. The same behaviour has been obtained recently with large scale shell model calculations (see Ref. [20] ). In all our calculations we found that the Ginocchio Hamiltonian (15) leads to a γ-independent energy surface.
It is worth noting that the present formalism allows one to reproduce the well-known case of triaxiality in IBM-2. To show this we use the IBM-2 Hamiltonian
where · denotes scalar product in angular momentum, Q π is the SU(3) generator, Q =
, for neutron bosons. The minimization procedure now gives α = 0, which corresponds to the IBM-2 limit. In addition, the minimum deformation parameters correspond to a prolate proton condensate, axially symmetric about the intrinsic z axis, and to an oblate neutron condensate axially symmetric about the intrinsic y axis, giving rise to an overall triaxial shape.
In summary, we have extended the intrinsic-state formalism of Ginocchio and Leviatan 
